cluded in our present analysis. The decision to operate was made if patients were symptomatic (intracranial hypertension or seizure). During the postoperative period, infants were kept horizontal as much as possible. Parents were asked to call the hospital if the subgaleal pocket collapsed.
variables, Data Source, and Measurements
Data had been prospectively recorded in a dedicated database. We collected information on preoperative clinical symptoms (intracranial hypertension, seizures, neurological deficit, retinal hemorrhage) and radiological features (CT density, maximal width of the SDH, midline shift). The following surgical data were recorded: length and side of catheter, gross aspect of SDH, duration of surgery, and intra-or postoperative complication. We assessed on serial postoperative imaging the correct localization of the drain and the width of the subdural collection. Success of the procedure was defined as complete disappearance of the subdural collection on the last imaging session. The failure of surgery was characterized as a collapse of the subgaleal space with persistence of the SDH on CT and/or MRI. The time to recovery was calculated as the interval between surgery and the last imaging follow-up.
Study Size
We stopped the study after enrolling 18 patients to analyze our results after we experienced 2 consecutive drainage failures.
Quantitative variables and Statistical Methods
We used IBM SPSS Statistics 20 for Mac to perform our statistical analysis. Quantitative variables were analyzed with a nonparametric Kruskal-Wallis test, and qualitative variables were analyzed using the Fisher exact test. The level of significance was set at 0.05. We did not take into account the duration of hospitalization after surgery because it was not related to the medical data but was instead more related to the legal aspects of managing these nonaccidental traumatic brain injuries.
results

Descriptive Data
Patients
Eighteen infants were surgically treated in this study, and none were lost to follow-up (Table 1 ). There were 10 boys and 8 girls (male/female ratio 1.25). The median age at surgery was 5 months (range 1-9 months). Preoperative symptoms were as follows: intracranial hypertension (14 patients), seizures (7 patients), and retinal hemorrhage (11 patients). The median head circumference was 44 cm (range 40-51 cm, +2.5 SD below the mean). None of the patients had clotting disorders, nor was there any history of direct head trauma.
Preoperative imaging included a head CT scan in every case and an MR image in 14 cases. The hematoma was bilateral in 16 cases and unilateral in 2 cases. It was hypodense in 8 cases (chronic SDH), hyperdense in 1 case (acute SDH), and iso-hyperdense in 9 cases (subacute SDH). Maximal hematoma width ranged between 8 and 25 mm (median 12 mm).
Surgical Procedure
The drainage was unilateral. A 3-cm curvilinear incision was made above the external angle of the anterior fontanel. Wide subgaleal dissection 8-10 cm in diameter was done above the calvaria. A 3-cm catheter was inserted in the subdural space through the fontanel and connected to a multiperforated 15-cm distal catheter located in the subgaleal space (Fig. 1) . The system was fixed to the fontanel with a nonabsorbable suture.
We inserted the drain on the side of the largest SDH in the case of bilateral hematomas. The drain was inserted on the right side in 12 of 18 cases, and the median operative time was 20 minutes (range 10-30 minutes).
The SDH was under high pressure in 15 cases. Its aspect was xanthochromic in 13 cases and reddish in 3 cases (not reported in 2 cases).
outcome Data
There was no intraoperative complication or any infection. The median duration of hospitalization after surgery was 7 days (range 3-25 days) but was related to social and legal issues. Drainage success was noted in 14 of 18 cases. The median delay between surgery and the first MRI study that showed disappearance of the SDH was 69 days (range 28-253 days).
In cases of success, ablation of the subdural drain was performed. This was done during a 2-day hospitalization and required a short period of general anesthesia. No complication was related to the ablation.
Failure of the subgaleal drainage was noted in 4 cases ( Table 1) . Second-line surgical treatment to place an SDP shunt was performed in each of these cases and was successful. None of the patients had signs of relapse of the intracranial hypertension or seizure. In 1 case, there was outward migration of the subdural catheter in the subgaleal space 22 days after treatment. In 3 cases, dysfunction of the subdural shunt was noted. In 1 of these cases, rebleeding occurred and led to obstruction, which was diagnosed on imaging 28 days after the first surgery. In 2 of the cases, placement of the subdural catheter was suboptimal, and dysfunction was seen on imaging 47 and 89 days after the first surgery, respectively.
other analyses
We did not find a significant difference between the patients who were successfully treated with a subgaleal shunt and those who were not. Head circumference and maximal hematoma width were not different (p = 0.16 and 0.232, respectively; Kruskal-Wallis test). Age at surgery and delay between symptoms and surgical treatment were similar as well (p = 0.362 and 0.262, respectively; Kruskal-Wallis test). Hematoma density or location (unior bilateral) was not different (p = 0.844 and 0.929, respectively; Pearson chi-square test).
Discussion
The treatment of SDH in infants remains debated, with 4 possible treatments. Repeated subdural taps have often been shown to be inefficient, with as many as 42% of the patients requiring further treatments and a high rate of in-fectious complications (25% of cases).
14 External drainage has been reported to be effective, with a success rate of 60%-95%. 2, 8, 16 Nevertheless, drainage must be maintained for a long period (median 6-15 days), with hospitalization in the intensive care unit and hydro-electrolytic compensation; therefore, the economic cost is high and must be taken into account along with the actual economic context. Some authors still advocate the use of minicraniotomy given its good success rate, but this method is quite invasive. 3 Subduroperitoneal drainage has been the gold standard in our department for more than 15 years, and other studies have shown excellent results for this procedure, with more than 90% success. 4, 5, 9, 17 The main advantages are a short period of hospitalization with continuous drainage and a low infection rate. Associated peritoneal complications are rare with 1 case of bowel perforation and 1 case of anal protrusion of the distal catheter in a series of 244 cases. 17 Nevertheless, obstruction of the proximal catheter leading to insufficient drainage has been reported in 9%-17% of the cases in 3 large series. 5, 9, 17 It required a second surgery in 10% of the entire cohort to treat residual subdural collections. When looking for a factor predictive of complications in SDP drainage, Kurschel et al. used multivariate analysis to demonstrate that spontaneous hyperdensity on pre-or postoperative CT was correlated with obstruction of the proximal catheter. 5 During the last few decades, studies have shown that neonatal posthemorrhagic hydrocephalus can be successfully managed with ventriculo-subgaleal drainage. 1, 6, 11 This transient drainage permits clearance of the CSF from blood, and therefore decreases the risk of secondary obstruction if a ventriculoperitoneal shunt is required.
Subgaleal drainage has also been reported for other indications, in particular, in acute head trauma or chronic subdural collections in 2 series with 26 and 22 patients. 10, 13 More recently, another team proposed subgaleal drainage for the treatment of acute subdural hemorrhage in 8 infants. 7 These authors successfully infused streptokinase into the subdural space over 3 days, followed by drainage of the subdural collection in the subgaleal space.
In the present study, 14 (78%) of 18 infants with an SDH were treated successfully with subduro-subgaleal drainage. There was no intraoperative complication or infection related to the procedure. Drainage was efficient in hypo-and hyperdense collections on CT, and even large hematomas (25 mm wide) could be treated. We reported 4 cases of failure, but in 3 cases, failure was directly related to surgical errors.
A source of bias in our study is the postoperative imaging follow-up, which was not scheduled on specific dates, and so the time to recovery was not precisely assessed. An advantage of our procedure, as compared with SDP drainage, is mainly its surgical simplicity, as it does not require peritoneal access. Advantages of subgaleal drainage, as compared with external drainage, are a low infection rate and short hospitalization after surgery.
The main disadvantage of our technique is the need for children to lie horizontally as much as possible during the postoperative period. Indeed, we noticed that drainage was more efficient with horizontal posturing of the children. This could interfere with the rehabilitation of these children, who need physiotherapy.
This pilot study has shown that subgaleal drainage is safe and efficient. One possible indication could be a contraindication to insert the drain in the peritoneum. As the main risk factor for obstruction of an SDP shunt is hyperdensity of the SDH on CT, we propose subgaleal drainage as an alternative treatment option in this case. On the other hand, we think that in the case of a hypodense hematoma, SDP drainage should be preferred because it has low morbidity and high efficiency and does not require any horizontal posturing of the children during the postoperative period.
conclusions
Subdural to subgaleal space drainage is a safe and efficient procedure. It could be proposed as an alternative to external drainage or SDP shunts in cases of hyperdense SDH in infants with signs of intracranial hypertension.
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